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SUMMARY 


An analysis was made to deternine the effect of 
rolling pull-outs on the wing and aileron loads of a 
typical fighter air r lane. The origin and magnitudes 
of the loads, shears, bending moments, and torques were 
determined for rolling pull-outs at six selected points 
on the V-n diagram. The results obtained Indicated 
that higher load3 are imposed upon the wings and ailerons 
by the rolling pull-out than would be imposed by applica- 
tion of the loading re g-lrernents for which the airplane 
was designed. 

An increase in wing weight of 102 pounds, or about 
15 percent, vras found to be required if the wing were 
designed for a rolling pull-out instead of the usual 
s yrone t r leal maneuver , 

The analysis of the aileron loads indicated that 
although the aileron was structurally able to carry the 
maximum computed loads, the requirements for which the 
aileron was originally designed were found to be inade- 
quate , 


INTRODUCTION 


One of the common combat sianeuvers used by fighter 
pilots involves the use of ailerons in combination with 
either positive or negative load factors. Some pilots 
believe that the use of this maneuver would be desirable 
at all speeds v'ithin the flight range and with all normal 
accelerations within the V-n envelope. 
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Because neither angular acceleration nor angular 
velocity causes physiological effects so severef as those 
encountered with normal accelerations, pilots have less 
hesitancy in moving the ailerons than they do in moving 
the elevators. As a result, larger loads and torques nay 
be placed on the wings and tail surfaces than those for 
’which these surfaces would normally be designed. 

The two extremes of the rolling pull-out would be 
(1) a steady angular velocity combined with a high normal 
acceleration, and (2) an a.igular acceleration combined 
•with high normal acceleration either with or without 
rolling velocity. The first extreme was usually associated 
with a single fairly rapid movement of the ailerons, 
v/hereas the second was associated with either an extremely ■ 
rapid reverse movement of the stick at a time when maximum 
rolling velocity exists cr an extremely rapid single throw 
of the controls. 

Although, the ole structural design requirements 
listed an unsymv.ctrical load condition for the wings, the 
rolling pull-out is not soecxfically considered; also, 
separate requirements arc given for the wing and the 
aileron. The strength of the wing is determined by loads 
that are assumed to occur at selected points cn the V-n 
diagram and to be distributed symmetrically over the wing 
span. The strength of the ailerons and wing hinge fittings 
are then determined by separate design specifications. 
Application of the unsyrs.ietrical load requirements (100 
to 70 percent) to a fighter airplane usually produces a 
critical condition only for the fuselage bulkheads to 
which the wings are attached, because no change is involved 
from the sym :etrlaal case in either the span loading or 
torque di3tr ibution. In the combined rolling and normal- 
acceleration maneuver, both the spanwise load and torque 
distributions sire considerably changed from the symmetrical 
condition. 


At the tine the present analysis vas started, o^all 
difficulties, which were tnought might be associated with 
a rolling pull-out, had been experienced with the ailerons 
on early versions of the P-h7 airplane. Because this 
airplane was of conventional design and representative of 
modern fighter airplanes, it was chosen a3 the typical 
airplane for purposes oi analysis. The results obtained, 
although not spooif ically applicable to other fighter 
airplanes, should bo of significance and general interest. 
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. „ _The present analysis was made to show the origin of 
the loads occurring on "the -wing- and ailerons in the 
rolling pull-out, to indicate the order of magnitude of ” 
these loads on a modern fighter airplane of conventional 
configuration, and to estimate the increase in structural 
weight that would result if the wings and ailerons were 
designed for these loads. The analysis included' not only 
the use of experimental data obtained from flight, wind- 
tunnel, and static tests but also several steps and load 
distributions usually neglected in structural computations 
of this nature. The details of analysis therefore are 
also given. 


SYMBOLS 


air density, slugs per cubic foot; with subscr lpt 0 
denotes value at sea level 


V 

v e 
a - 

a 

M 

q 


true airspeed, feet per second 
equivalent airspeed, feet oer second 


_P_ 

fr, 


velocity of sound, feet per second 
Mach number (v/a) 
dynamic pressure 


n wing load factor 

W airplane weight, pounds 

D airplane drag, pounds 

S gross wing area, square feet 

b wing span, feet 

c wing chord at any station, feet 
c a aileron chord at any station, feet 


k 


NACA ARR No. L5I0i; 


°a/ c 

a 

5 

6d 

5 a 

F 


o 

o 


3 

pb/2V 

l 




c 



O 7 


a 




aileron chord ratio 

angle of attack, degrees 

aileron angle, degrees; positive downward 

component of aileron angle due to differential 
motion of ailerons, degrees 

equal and opposite component of aileron angle, 
degrees 

empirical factor for modifying aileron an^lo for 
effects of compressibility (see fig. 10) 

angular velocity in roll, radians 09r second 

angular acceleration in roll, radians per second 
per second 

gravitational constant, feet per second per second 

helix angle described by wing tip, radians 

running load at any spanwise station, pounds per 
foot: with subscript a denotes aileron 
running load 

wing section lift coefficient (l/qc) 

wing section lift coefficient at zero wing lift 
with ailerons neutral (” = 0): nomenclature 
from reference 2 

rate of change of wing section lift coefficient 
with wing lift coefficient (dc^/dCyj ; 
nomenclature from reference 2 

rate of change of win7 section lift coefficient 

with equal and opposite aileron deflection (M=0) 

rate of change of ring section lift coefficient 
with ailerons deflected together as flaps vhen 
ailerons are operated differentially (tf - 0) 

rate of change of wing section lift coefficient 
with helix angle pb/2V (&' = 0) 
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c 


n 


c 


n 



'm 


'ta. 


Ac 


m 



e 


y 

y* 

t 


T 

Sh 


rate of change of ‘fling section lift coefficient with 

dc. 

/ 

wing-twist parameter, _ __ 


6 & q 

Vl - M 2 


wing section normal-force coefficient 

aileron section normal-force coefficient ^l a /qc a 

aileron section normal-force coefficient at zero 
lift with aileron undeflected 


wing section pitching -moment coefficient 

wing section pitching-moment coefficient about 
aerodynamic center (M = 0) 


increment In wing section pitching -moment coeffi- 
cient due to aileron deflection; wj th 3 uj~ 
script d denotes part due to flap-type deflec- 
tion (droop) and wLth subscript a denotes 
part due to eqial and opposite a*leron deflection 

wing lift coefficient (ii7/qS) 

airplane drag coefficient (D/qS) 

distance, fro:.-, section elastic center to section 
aerodynamic center, feet; positive when clastic 
center is behind aerodynamic center 

distance along wing span from plane of symmetry, feet 

a particular distance ulor.g wing span, feet 

local or distributed torque at any section about 
elastic axis, pound-feet per foot 


accumulated torque at any station / t dy, 

“b/2 

pound -feet 

vertical shear, pounds 
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3.M. 


C 7 

VT 


'6 


°*t 


m, 


vertical bending moment, foot-pounds 
rolling-moment coefficient 

rate of change of rolling-moment coefficient 
with helix angle -oer radian ^dOj^d^^ 

(see equation ( 23 ) for definition) 

rate of change of rolling -moment coefficient 
with aileron angle per degree (dCj/dFQ) 

(see equation (21) for definition) 

rate of change of rolling -moment-loss coefficient 

' dC 1 \ 


due to wing twist 


( ) 

\ '-W ■ 

tion ^ 25 ) for definition) 


( see equa- 


torsional modulus of rigidity of wing at a fJLven 
station, foot-pounds per degree 


0 angle of twist at any section due to torque, 

degrees 

w distributed wing weight, pounds oer foot 

w^ weight of concentrated load Items, oounds 
k x radius of gyration about X-axis, feet 


BASIC DATA 


In order to accomplish the objectives of the present 
analysis, data fro^ several sources were used. Tn addi- 
tion to information on the geometry of the wing, aileron, 
and aileron linkage, use was made of data from flight 
tests on the attainable aileron angles, static tests on 
the wing torsional stiffness, and wind-tunnel tests on 
some of the wing-aileron section characteristics. Some 
of this information ordinarily would not be available at 
the design stage; however, established engineering pro- 
cedures exist for estimating the required quantities. 
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Geometric characteristics of wing and aileron .- The 
character! sti cs of. the wing, including the plan form, 
the chord distribution^ the ratio of aileron. chord to 
wing chord, the quarter-chord line, the elastic-axis’- 
location, and the line through the center of gravity of 
each section, are shown in figure 1. These data were ■ 
obtained from the manufacturer for the analysis of the 
wing. 


The variation of right and left aileron angles 
measured .on an early version of the airplane is shown in 
figure 2. For the analysis this motion was considered 
as the sum of two motions: an equal and opposite motion 
of the right and left ailerons and a simultaneous upward 
motion of both ailerons. The deflection 6 a produced 
by the equal and opposite motion is plotted as the 
aoscissa in figure 3 and is numerically on9 half of the angle 
between the right and left ailerons. Then an aileron 
moves downward 5 a is positive; when it moves upward 6 a 
is negative. The deflection 6^ produced by the simul- 
taneous upward motion of both ailerons is clotted as the 
ordinate in figure 3 and in this case is negative for 
Doth ailerons. Xh’ s deflection is herein referred to 
as either the "equivalent flap effect" or the "aileron 
droop." The actual deflection of an aileron 6 is the 
algebraic sum of 6 a and 5<j. 

Torsi ona l stiffness of wing .- The torsional-stiffness 
distribution cf the wing that was used in the analysis 
(short-dash jurve in fig. L.) was obteinod from static tests 
made by the Air Technical Service Command, Army Air Forces, 
T,r riv.ht r ield, Ohio of a P-lj.7B wing. The ordinate in 
figure I;. is the torque in oound-feet that would have to 
be applied at a jiven station in order to produce 1° of 
twist at the station relative to the wing center line. 

The short-dash curve was selected because it was believed 
to represent most nearly the wing torsional stiffness 
of the airpLane as flown. 

As an indication, however, of the amount of varia- 
tion that might be expected if a similar analysis were 
contemplated for another airplane, two additional curves 
are shown in figure k; the .long-short-dash curve is an 
experimental curve that applies to an airplane with 
locselv fitted ammunition doors or with doors either 
entirely removed or open. The solid curve represents 
results obtained from computations that were made by 


8 


NACA ARR No. L5l0i|. 


the manufacturer; in these computations the torque was 
considered to he resisted by the action of two main torque 
boxes and by two-spar action of the main spars. Also in 
the calculations a number of conservative assumptions were 
used; for example, the ammunition doors and all the 
structure behind the 70”Bercent-chord point were assumed 
to be completely ineffective in carrying torque. 

Limit V-n diagram for normal gross-weight condition . - 
The limit V-n diagram at sea level for the airplane, 
which was the diagram used in the design of the wing as 
well as In the present analysis. Is shown in figure 5* 

The critical ooints A, B, C, and D, for which the wing 
was designed, reoresent maneuver conditions. The diagram 
given applies to a normal airplane gross weight F of 
12,000 pounds and a gross wing area S of $00 square 
feet. The wing lift coefficients at the corners of the 
diagram were listed by the manufacturer as 1.75» O.I1I9, 
-0.206, and -0.300 at the points A, 3, C, and D, respec- 
tively. The equivalent airspeed V e at points B and C 
is 553# at point A, 271, and at point D, 28l miles per 
hour. 


wind- tunne 1 data .- The section characteristics of 
the aileron that were used in the analysis were obtained 
from tests made in the Langley 3-foot high-speed tunnel 
on a model representing the wing section located 171 inches 
from the airplane center line. (See fig. 1.) In these 
tests the pressure distribution was measured at various 
aileron angles and angles of attach at Mach numbers 
varying from 0.2 to 0.75* Some of the results obtained 
in the tests, which have not been previously oublished, 
are shown in figures 6 to 9, which give the variation 

of aileron section normal-force coefficient c n with 

n a 

wing section normal-force coefficient c Q for various 
aileron angles. Results are shown only for Mach numbers 
of O.25, 0.1^75, 0«6o, and 0.725* These results represent 
the values of the tunnel tests closest to the sea-level 
Mach number at points A to D on the V-n diagram. 

The tunnel data could not be obtained at high Mach 
numbers in combination with either large angles of attach 
or large aileron deflections; in order to investigate 
high ang.le-of -attach conditions (upper and lower left- 
hand comers on the V-n diagram), therefore, extensive 
extrapolation of the tunnel data was necessary. The 
extrapolations are shown by the dashed lines in 
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figures 6 to 9* The extrapolations shown are straight 
and. parallel in accordance with thin airfoil theory. 

Por the P-U7B aileron, the ratio of aileron chord 
to wing chord is not constant along the aileron span, 
and because the wind-tunnel tests had been made' at a 
value of c a /c = 0.269# extension of the experimental 
data to other values of Cg/o was necessary. In order 
to accomplish this extrapolation the data for Og/c = 0.269 
were analyzed to obtain values of dc^dS, do^/da, 
and do^/dd, and their variation with Mach number. Below 
the critical Mach number dc^/dd and dc^/da were found 
to increase in the usual man ner, th at Is, approximately 

according to the factor i//T - M^. The ratio dc^/dd, 
however, did not vary in this manner, with the result 
that the aileron effecti vaness factor da/dd derived 
from do^/da and dcj/dd decreased with an Increase 
in y.ach number. Comparison of the tunnel results for 
the P-ij.7B aileron at c e /c = O.269 with the experi- 
mental variation of da/dd with Cg/c for unsealed 
ailerons given in figure 11 of reference 1 indicated 
that at a i'ach number of 0.jj£5 the values of da/dd 
would coincide. The curve In figure 11 of reference 1 
was therefore assumed to aooly to the P-U7B aileron 
at M = o.pC'5 over the range of c a /c required. Th9 
determine tl or of the er.piricRl correction factor F to 
account for other fcach numbers was the final step in 
the orocedure. Figure 11 of reference 1 and values of 
the empirical factor I required to modify the basic 
curve for kach number are given in figure 10 of the 
oresent paper. In this determination th* Implicit 
assumption Is that the geometry of the aileron gap 
remains the same. 

Because dc^/3d and dc m /dd were found to Increase 
with Mach number in approximately the same manner, the 
following convenient ratio was formed; 


(do 7/da) (da/dd) 

f(o.e/c) = 


don/dd 
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A curve f(ca/c) (fig. 10) was then passed through the 
experimental tunnel point at 03/0 = O .269 and pro- 
oortioned in accordance with the theoretical curve 
obtained from the wing section theory as shown by the 
dashed line in figure 10. 

Flight data .- In addition to the wind-tunnel data 
given in figures 1 to 9, use was made of flight-test 
results giving the measured relation between aileron 
control force, aileron angle, end the parameter pb/2V 
at the t-’me of maximum rolling velocity in abrupt 
aileron rolls from straight flight. For use In the 
present analysis the original flight data were converted, 
cross-plotted, and extrapolated to obtain stick iorce and 
aileron ang les for each of a number of values of the 

factor q/\/i - varying from 100 to l 600 pounds per 
square foot. These results are shown in figure 11. The 
flight data included values of aileron stick forces 
ranging from about 20 to 60 pounds and values of 

qXA “ of less than J00 pounds per square foot. 

Values beyond these limits were based upon an average of 
a number of Independent extrapolations. 

Flight data on the hinge moments have been used in 
preference to wind-tunnel data because the flight 
results were believed to be more nearly Indicative of 
the actual case. The data given in figure 11, however, 
could have been computed from wind- tunnel- test results 
If the geometry of the ring and ailerons and the 
torsional stiffness of the wing were known. 


OUTLINE OF METHOD OF ANALYSTS 


In the present analysis the basic data were employed 
in the following manner to determine the effect of a 
rolling normal- acceleration maneuver on the wing and 
aileron loads: 

(1) '.Foe rind-tunnel results were used to obtain 
section data concerning the slope of the lift curve 
dc^/da and the aileron flap effectiveness da/d6 for 
eacn station along the span. 
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(2) By use of the results from step (1), six separate 

aerodynamic spanwlse load distributions (In this case c^ 
components' Only) were- computed-. -■ 

(3) The variation along the wing of the vertical 
shear, wing bending moment, and torques about the elastic 
axis caused by unl.t values of the various aerodynamic- 
load components of step (2), were obtained. 

(U) The load distributions due to wing v'eight and 
concentrated weights were established and integrated to 
give the shear, wing bending moments, and torques about 
the elastic axis due to both normal and angular inertia. 

(5) The rolling-moment coefficients associated with 
the spanwlse loadings of step (2) were used to establish 
values of maximum rste of roll that could be obtained 

at various equivalent airspeeds and aileron deflections 
when wing twist due to aileron deflection was taken into 
account . 

(6) Results of flight- test data, in which the stick- 
force variation with aileron deflection and the airspeed 
were measured during steady rolls, were then used to 
establish limit lines corresponding to several values of 
the aileron stick force for the results obtained in 

step (5)* 

(7) The values of the rolling-velocity parameter pb/&V, 
associated with the aileron deflection as established 

In step (6# for maximum 'lileron sti-uk force, wme 
assumed to exist simultaneously with the l^ad factors 
occurring at each of the selected points of the 
Y-n diagram. 

(3) From the aerodynamic -load distributions occurring 
at each selected point on the v-n diagram, the variation 
of wing section normal-force coefficient along the span 
was obteined. 3y use of the high-speed wind-tunnel data 
of figures 6 to 9 the aileron normal-force coefficient 
along the aileron span was determined . 

(9) The aileron load distributions from step (8) 
were integrated across the aileron span to obtain the 
total load corresponding to each selected point on 
the V-n diagram. 
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LOAD DISTRIBUTIONS 
Aerodynamic 


Khen experimental spanwise load dis tributiona are 
not available, designers usaally obtain the distribu- 
tions required in step ( 2 ) of the preceding section by 
an application of the lifting-line theory. In the usual 
application of this theory the distribution of lift ever 
the span Is assumed to be a linear function of the angle 
of attach at each point of the span. This assumption 
makes it possible to superimpose various tyoes of zero 
lift distributions on a distribution due to angle of 
attack of the ring as a vhols. The procedure followed 
In the present paper for the commutation of soanwlse 
aerodynamic-load distributions is given In both refer- 
ences 2 end 3 . The methods outlined In these references 
have been followed with only slight modifications in the 
determination of the aerodynamic -load distributions that 
follow. 

The aerodynamic-load distribution on the wing was 
conside.red to consist of six component distributions as 
follows; an additional aerodynamic load, a built-in- 
twist aerodynamic load, an aileron-droop aerod.yna.mi c 
load, an equal and opposite aileron-deflection aerody- 
namic load, a damping- in-roll aerodynamic load, and an 
aerodynamic-load distribution due to wing flexibility. 

For each of these aerodynamic-load distributions, the 
running load, the shear, the Pending moment, and the 
torque were first calculated in 0 general form so that 
the curves could be used In evaluating loed 3 , shears, 
and so forth at several points on the V-n diagram. 

In general, the running lead in any one of the fore- 
going component distributions may be written as 


l - Jtc 7 c (1) 

•'x 

where the constant v might include combinations of 
factors such as dynamic pressure, compressiollity cor- 
rection, aileron -ingle, helix angle, wing load factor, 
and wing loading. The ving section lift coefficient Cj 

depends on the type of load distribution considered. 
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With this definition of load per foot as a basis, 
the shear," bending moment,- distributed torque , - and. 
accumulated torque at a particular section y’ become, 
respectively. 


S 


h 



C 7 C 


<ly 


6 • ii . 



r r 

I c 7 c dy dy 
/2 * 


(2) 


( 3 ) 


t = V Cj ce 


UO 


T = y 



c 7 ce dy 


(5) 


The integrations required in equations (2) to (5'» >'ere 
performed mechanically. The quantities K and c^, 

are determined for each of the various load dl stribut:.. ons 
in the folio ving paragraphs. 

Additional aerodynamlc-loed distribution .- As part 
of the structural load requirements the load distribution 
due to an untwisted rigid •wing is determined. This 
distribution is termed the "additional aerodynamic -load 
distribution" and 3s assumed to retain the same shape at 
all angles of attack and at all airspeeds; the ordinates 
of the distribution are simoly proportional to the lift 
coefficient of the wing. The load l at any point is 
given by 


l - C t c 7 qc 

" 1 8l1 


°L 



Since 
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then 

i = n— c 7 c (6) 

S l &1 


and. therefore for the additional serodynanic-load distribu- 

7 : 

tion K = n^- and c 7 = o 7 . Figure 12 rives the 
S b X 

results for the load per foot, vertical shear, bending 
moment, and accumulated torque erased by the additional 

**r 

aerodynamic load in terms of K = ng-. By use of the 

customary assumption that the shape of the aerodynamic- 
load distribution and the location of the section aero- 
dynamic centers do not change w5 th ?:.;ch number, the 
results of figure 12 vill apply at all airsoeeds. 

Aerodynamic-load distrib ute on due to built-in tri s t . - 
A3 constructed, the wing had !•- of washout, which started 
from the onenvise station located at 100 inches. The 
aerodynamic load due to the built-in twist may be written 
as l ~ qc, c where c, is a section lift coefficient 

at zero ring lift computed by the method of reference 2. 

; ©cause the section ungles of attack due to built- 
in twist remain constrnt and the slopes of th e se ction 

lift curves tend to very with the factor i/v^TF , as 
r first aunroximat Ion the section-lift-coefficient varia- 
tion along the span for any given zerc-liit type of 
aerodynamic-load distribution was assumed to increase 
v ith T.'acb number in the same raamier. The loed oquation 
f equation (1)) m-ey then be written as 



For the built-in- twis t ae rodyna". J c-lcad distribution, 

therefore, v = q/Jl~- y 2 - an? c 7 ~ C-, . Figure 13 

L x 1 b 

gives the distributions of the loed, shear, bending 
moment, aivi accumulated torque in terms of K. 

The method used for Including the effect of com- 
pressibility is based cn sn assumption that is either 
commonly used or implicitly assumed in apolying 
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conventional methods for the computation of spanwise 
aerodynamic -lo ad -distribution. ... . 

Aerodynamic -load distribution due to al leron s 
deflected as flaps . - Although the two preceding 
aerodynamic -load' distributions are usually computed in 
the course of a wing analysis, the four aerodynamic- load 
distributions that follow are not usually commuted. 

As noted previously, when ailerons are deflected 
differentially, a part of the deflection can be considered 
as a deflection of the ailerons together as flaps (iig. 3 ) 
and a part as an equal and opposite deflection of the 
right and left ailerons. A zero-lift distribution due 
to the flap deflection of the ailerons (droop) was com- 
puted by the method of reference 2 and by the use of the 
aileron-effectiveness factors given in iigure 10 in 
combination v-lth the aileron flap-chord-ratio variation 
(leadin- edge to trailing edge) shown in figure 1. The 
slopes of the section lift curves ac^/da were the 
same as those used in the additional and built-in- twist 
aerodynamic-load distributions. The zero-lift distribu- 
tion was therefore obtained with the load at any point 
given by 




3 ) 


where c 7 - is the section lift coefficient for a unit 

defleotion and F is the factor required to modify the 
effective camber for a given deflection. The factor F 
varies vlth I T ac h numb er as noted in figure 10. As before, 

the factor 1 aA - K? was used to modify the local loads 
for an increase due to Kach number; therefore 
q 

K = FQrf — - ■ - ■ ■■ . The results siven in figure lii are for 

a deflection or droop 6^, in degrees, and the proper 

angle of droop for a given equal and opposite aileron 
defleotion mu3t be obtained from figure 3* 

Aerodynamlo-load distribution due to equal and 
opposite aileron deflection .- Ey use of tne foregoing 
procedure the aerodynamic-load distribution for the wing, 
due to the equal and opposite defleotion of the ailerons. 
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was computed for a unit aileron angle. Such a computation 
yields a zero-lift distribution directly but with a result- 
ant rolling moment. 

The load st any point along the span may b9 given 
in a form similar to equation (e) as 


1 

o 



( 9 ) 


For th9 aerodynamic-load distribution due to the equal 
and opoosite aileron deflection, therefore, K = Fo — — 


and 




•The distributions for load, shear. 




bending moment, and accumulated torque in terms of 
q 

v - F5 a --j===7 are given in figure 15 . 


VI - M 2 


Aerodynamic-load distribution due to damping in roll . - 
As a result of the rolling velocity that is caused by the 
equal and opposite part of the aileron deflection, a 
damping moment occurs. The load distribution due to the 
damning moment was ccmouted as though the wing had a 
linear anti symmetrical twist increasing from zero at the 
airolane center line to a unit value at the tio. 


The load at. any point along the soan may be t .iven 
by the equation 


l 



( 12 ) 


For the aerodynamic-load distribution 3ue to damping in 

ofc r* 

roll eqaf.ti.on (19) shows that 3 = 1 — — and 

2V C 

- V.. 

Cj = c, . T igure 16 gives the di eti i onti on3 for load, 
sn^ar, herding moment, and accumulated torque in terms 


of 


y - E£. 5 
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Aerodynamic- load distribution due to wing flexibility. 
For a rigid wing the pre-v-louB distributions arjB_a.il that 
would be required. In the case of a nonrigld wing, how- 
ever, a twist exists that is caused by the torque con- 
tributed by the loads (when the elastic axis and line of 
aerodynamic centers do not coincide) and by the section 
pitching moments. The torque may cause an appreciable 
wing twist when the airspeed is high or when the torque 
caused either by the sections or the ailerons is large. 

The twist caused by the various torques on the wing 
induces a load distribution uoon the wing. The total 
primary wing twist at any section may be divided Into 
tne following four parts: 

(1) Twist caused by the distributed wing weight a3 
well as that contributed by large weight Items. (Such 
a twist occurs when the centroids of the weights are 
displaced from the elastic axis. See fig. 1.) 

(2) Twi3t caused by aerodynamic loads that act at 
the line of aerodynamic centers. (Such a twist occurs 
when the aerodynamic center line does not coLncide with 
the elastic axis. See fig. 1.) 

(3) Twist caused by section pitching moments 
(ailerons undeflected). 

(ij.) Twist caused by deflecting the ailerons either 
together as flans (6 d ) or equally and oppositely as 
ailerons (6 a ). 

The aerodynamic torque giving rise to the twist 
may be represented by the equation 

oc 2 

t = ojqoe + -=== + io Bt \ (11) 

yl - m 

The breakdown of the torque distributions contributed by 
the various lift distributions is presented in figures 12 
to l6. 

The local torque acting about the elastic axis due 
to the section moment o_ in equation (11) is given by 



t 


( 12 ) 
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The local torque contributed by aileron deflection 6 a 
ia 


t 


Ac 


% qC 


dc^ 

d6 



(13) 


The factor dc^/dS was obtained from 

<3 c^ ( dc j/c'a) ( da/d5 ) 
d6 f (Og/C) 


(lli) 


Numerical values of da/d6 and f(cg/c) are available 
from figure 10. '■'■'hen equatio n ( lij.) i3 substituted in 

equation (13', the factor l/fl - is introduced to 
account for increased section lift-curve slopes and the 
factor F is intrcducod to modify tho value of da/dd, 
the following equation for the distributed torque across 
the aileron span is obtained: 


t 


F6 a q 

^ fCCp/c) 


dcjr da 2 
da dd ° 


( lp) 


Figure 17 shows the distributed torque for the P-I4.7E 
wing a3 commuted from, equations (12) and (15) and the 
curves given In figures 1 and 10. The accumulated torque 
at each station caused by the foregoing torque distribu- 
tions is also given in figure 17. 


If the wing torsional stiffness is defined as the 
torque required at a particular spamyise station y' to 
give a deflection of 1° at that station (see fig. h. for 
variation), the twist G at any station resulting from 
the section pitching moments (ailerons undef looted) is 
given by 


0 

q//l ~ 3? 





dy 


m e 


(16) 


n 


II 


II 
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where iru is the stiffness at the particular section 

e y' 

and m Q is the variable stiffness at sections inboard 

- — -o -» * - - — - — - - - . . .. 

of y f . If c m is a constant, equation (16) can be 

rearranged as follows! 


6 

c qX4~- I/ 2 



(17) 


The twist caused oy deflected ailerons is given b:,- 


T » do l da 2 
da d6 J 


.0 llL li c 2 

da do 


?a q//i - s 2 


^0 . I f(c_/c) 


y 1 


^G^a/ 0 ) 


(13) 


The twist curves computed from equations (17) and (lG) 
are shown In figure l8. Tnese curves were obtained by 
use of figures 1, li, and 10, together with the values of 
do^/da used In outaining the aerodynamic-load distribu- 
tions. Figure 18 shows that the twist curves due to sec- 
tion pitching moment c^ and aileron deflection 6 a 

are quite similar in shape in spite of the fact that the 

twist curve due to c™ arises as a result of an 

n o 

Integration over the complete span, whereas the twi.3t 
curve due to aileron deflection results from an Integra- 
tion of torques acting over the aileron span. 

Although separate zero-lift load distributions can 
be computed for either of the twist curves given In 
figure 13, the distribution associated with the twist 
due to the section pitching moment c rao Is of less 

importance than that associated with the twist due to 

deflected ailerons Ac™ . The effects associated with 

“a 

the distribution due to Ac m are more Important in the 

determination of the reduction of the rolling ability of 
the airplane than In the change produced in tlie shears 
and bending moments along the span. The changes In the 
load distributions due to the twists resulting from c^ 

and Ao m £ are suoh that no change in tho rolling 
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characteristics of the airplane results because the 
loadings produced are symmetrical about the center line. 

The results of figure lC) indicate that approximately 1.]+° 
of aileron deflection would cause the same twist at the 
wing tio as would the section Pitching moments when c_. 

■~o 

is taken as -0.003, which was the low-soeed value of the 
section pitching-moment coefficient used in the design of 
the wing. For a wing with a high pitching-moment coeffi- 
cient the twist due to the sections becomes more important 
axid may not be omitted. 

Because the zero-lift loads produced by the elastio 
deformation of the wing are in general of secondary 
importance coirroared with other loads, a load curve was 
computed only for the twist distribution caused by equal 
and opposite deflection of the ailerons. by the method 
used in computing the loading for a rigid wing with equal 
and opposite deflection of the ailercn3 and for the load 
distribution due to damping in roll, the lift at any point 
along the scan due to the twist distribution can Os defined 

by 


l 



( 1 °) 


In equation ^19) c ^ is the local l'" ft coefficient 

t 

that would be associated with the antis yrretri cal- twi st 
curve given by tli9 solid line rn figure 1&. The 
factor 7 for the Iced d 1 stribution due to the win^ 

q 2 

flexibility considered 13 then equal to F6_ — a . 

a o 

T -.ft. 

1 “ JfJ 

The load, shear, bending moment, and accumulated-torque 
distributions are shown in figure 1?. 

SaTV ifr y of the &9rodyna nlc-lop d coefficients . - For 
convenience the coefficients in equations (1) to (5) 
that were used with the distributions shown in figures 12 
to 16 and 19 are summarized in the following table: 
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Type of distribution 

F 

c 7 

‘'x 

Additional 

nS 

S 

C 7 

1 &1 

Built-in twist 

q 

y/i. - y 2 

% 

Drooped ailerons 

F6 d ~y 
V- 

q 

L - M 2 

C? '5d 

Equal and oooosite aller jn 
deflection 

P6 a -y=^=— 
yfl - M 2 

% 

Damping in roll 

Ob 

^ v /f 

Si 

- if 2 

P 

W7 ing tw? at 

T 3 

* 5 a 2 

1 - IT 

C 7 


Weight and Inertia 

Formal-inertia distribu tion. - The wing weight 
distribution used in the analysis, exclusive of large 
concentrated loads, is given in figure 20. This dis- 
tribution was furnished by the manufacturer for the 
structural analysis of the wing. In addition to the 
distributed weight, a number of large concentrated weight 
items, suoh as the landing gear, machine guns, and 
ammunition boxes were housed in the wing. The locations 
of these items along the scan relative to the elastic 
axis are given in figure 1. 

The running-load curves, including the effects of 
the concentrated loads, were integrated to give the shear 
and bending-moment valuations along the span. Tn addi- 
tion the torque distribution of the running load and 
the concentrated weights about the elastic axis were 
integrated to give the accumulated torque at each span- 
wise station. The ordinates of the curves shown in 
figure 20 are proportional to the load factor n. 
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Angular- Inert la distribution . - The angular-inertia 
distribution for the distributed wing weight was evaluated 
from the results given in figure 20 for the running load. 
The equivalent wing weight at each station with an 
angular acceleration present is equal to wtby'/g and 
the equivalent weight of each of the concentrated loads 
is v^py'/g. The running- losd curves for the angular 

inertia were integrated to give the sheer, bending- 
moment, and accumulated-torque curves resulting from 
the wing weight. These curves are shorn in figure 21. 


VALTTES OF FA 7 ' ALTERS USED FOR 
LOAD 00 ?U T ATT ONS 


Although the previous sections have been devoted 
to the determination, in a general form., of the load, 
shear, bending moment, and torques of the various cam- 
^nnent loadings, the values of pb/2V, p, P6 , and 

q/> - K 2 that can be attained must be established in 


order that the results given in figures 15 to 21 can be 
applied at the various points on the V-n diagram. 


Helix arc- Is pb/2 ^.- The anti symmetrical soanwlse 
aerodynamic-load distributions, that Ls, the distribu- 
tions due to equal and opposite aileron deflection, 
damning in roll, end *ing twist, must be used in the 
determination of the attainable value of the helix 
angle . 


The applied rolling moment for a unit equal and 
opposite aileron deflection is 


Rolling moment 



( 20 ) 


The applied rolling moment ■?. .-m be redefined by the equa- 
tion 


F5 


a 



■2 


C 7 qSb 


Rolling moment 


( 21 ) 
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In the span-load computations, the value of ' 

was computed to be O.OO263 (6 a In deg). 


The damping moment due to roll from equation (10) 
Is given by 


■Damping moment - 


pb 2q 


2V 


vA - V 2 


f 

^b/2 


Cl cy dy (22) 


The dadoing moment can be redefined by the equation 


Damping moment = ^ 

2v v4T7 


C 7 Sb 
P 


(23) 


The value of used in equation (23) v ' aa found from the 

soon- load commutations to be 0.i|4 when the helix angle 
p'o/2V was given In radians. 


The I033 In rolling moment due to twist resulting 
from equal and ooposlte aileron deflection can, from 
equation (19), be given by 


F5 a q 2 r° 

Rolling-'T’onent loss = / Cj c y dy 

1 - ** Va 


(21+) 


The rolling-moment loss can be redefined by the equation 


Ro 1 1 ! ng-mc men t 


loss = 



<V b 


(25) 


where the value of 
(6 a in deg). 


Cj was computed to be I.586 x 10 


By the use of equations (21), (23 ) , and (25), v/hen 
the damping moment is equal to the applied roiling moment, 
the following relation between the attainable value of 
the parameter pb/2V, the aileron angle, and the airspeed 
is obtained: 
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vT. X 2 


==CiSb - 


- v2 


Sb = — 


- M 2 


Sb (26) 


r-lien equation ( 26 ) is simplified end solved for pb/2V 
the following equation is obtained: 


v/T- ?. 


(27) 


By too use of the values ~ 


°V 


n 

'-'7 * 


and 0- 


ffiven 


in the preceding oaragraphs the variation of ob/2Y 'vith 
^6,, is shown in figure 22 for a number of values cf 

q/4 “ T ' 2 • Tn figure 22 the aileron reversal sooec. msv 


be seen to be reached at a value of 


= 16 . 


Angular acceleration p , - Alt ho ugh the limiting v a 1 v.e s 

of q/A - V 2 and F5 a to he used in the comoutt-.tions 

ha^e not been established, the value of maximum angular 
ccceleration in terms of ob/2V for an abrupt aileron 
reversal from a steady roll can be determined. Exa v . mo- 
tion of equation ( 26 ) indicates that if the stick move- 
ment were assumed to be made instantaneously and no lag 
in lift occurred, the angular acceleration would be. 
theoretically twice that obta’ned in a single movement. 
T Jnder these conditions the ratio of the maximum, angular 
acceleration to the gravitational constant g is 


2Y - A - If 2 


O Q 1 ' 

■5=T \j 7 O ~ 


v 2.,. 

• X 


( 23 ) 
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v?hen numerical values &re assigned to the constant terms 
Cj » S, b, and if and k x 2 = (5*75) » equation (2G) 

- - - P- - . , . 

becomes 


£ = 0 . 02735 “ 


g 


z<r 


/ - 1 1 


(29) 


Maximum 


qX'i “ y 2 


value of q/\)i - M 2 . - The maximum values of 


'V-l - i? 1- that can be obtained depend on the airplane 
drag coefficient, the wing loading, and the air density. 
Vjhen the airplane weight equals the drag the relation 
between the attainable Mach number & and these variables 
5.3 


V: 



(30) 


The lonf;-short- lash curves of figure 23 show the varia- 
tion obtained from equation ($0) i or several standard 
pressure altitudes v.f til a wine loading of ^ = 1+0 . 0 pounds 

per square foot. The solid-line coefficient curves 
(curves A and P) in figure 2J are based cn wind-tunnel 
results. The dashed continuation cf these curves repre- 
sents the extrapolation required in order to apply the 
tunnel results. Curve A represents tne variation used 
by the rr.anuf ac turer in the design, and curve B was 
obtained from a generalized curve furnished by the 
Langley o-foot high-speed tunnel. Ihe intersections 
of curves A and 3 with the curve computed by equation (30) 
represent the terminal v ach number that would be reached 
at each of the altitudes listed, when the airplane wc.s 
diving in a standard atmosphere of the density and 
temperature existing at that altitude. 

A relation between q/A - K 2 and V e . is shown in 
figure 2i for a number of standard -.re 3 sure altitudes. 

This figiire also gives the relation between q and V e . 

By use of the results shorn in figure 23 limit lines can 
be drawn on figure 2b to indicate the maximum speeds that 
the aim lane could attain at various altitudes. The. limit 
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lines A and B correspond to similar ones in figure 23 . 

The part of the limit lines between 3 0,000 and lj.0,000 feet 
(anprox. the ceiling of the airplane) has been arbitrarily 
faired to a point at 14 . 0,000 feet corresponding to 
of 250 miles per hour. Figure 24 shows that the aileron 

reversal speed corresponding to q/(/i - of I060 is 

aoout 620 ir>iies per hour at sea level and only 330 miles 
per hour (true airspeed e-i 6fc0 ttnh) at L.0,000 feet. The 
actual or practical margin against aileron reversal, how- 
ever, is greater at the higher altitudes than at the 
lower altitudes, as may be seer, from the limit lines A 
and B. without a compressibility correction, the 
reversal speed is £25 miles per hour at sea level- 

Aileron 1 angles .- Tn addition to establishing the 

limiting values of q/\A “ the values of the parameter 
F5 a that can be reached must also lr established. Tn 
the analysis these values were obtained by the use of 
the flight- test data given in figure 11. These data 
were used to establish the curves in figure 22 for 20, 
ko, 60 , and SO pounds change in force on the stick, the 
cO -pound change in stick force being considered a maximum 
that a pilot could exert although a lower value might be 
more reasonable. 

Tn a similar analysis, wind-tunnel results could 
have been used to establish 'the ii.-Mt lines, tn the 
oresent case, however, the flight results are preferetls 
because an integrated value is obtained. 


SELECTION 01 CONDITIONS T- 01. ANALYSTS 


The preceding sections have been devoted to the 
presentation of the basic data that v.sre used to shew 
how the load-distribution curves were obtained in a 
general form, and to the determination of limiting values 
of various parameters that are needed to evaluate the 
loads. The next step is the selection of the conditions 
for Investigation of the loads on the primary structure 
of the win§ and al leren. 

In the design of the primary wing structure the 
conditions requiring investigation are the usual ones in 
which the largest uo or down load occurs in combination 
with a far-forward center-of-pressure position (points A 
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and D on the V-n diagram) aiid also when the largest up 
or down loads occur In combination with a rearward center 
of-jpressure position (points B and G on the- v-n diagram). 
Insofar as the front spar or spars are concerned in the 
rolling uaneuver, the critical de sign l oad will occur 

near the highest value of F6 a - M 2 that can be 

obtained for a given equivalent airspeed when the 
aileron is deflected upward, the airplane is rolling 
steadily, and the maximum allowable normal accelerating 
load is on the wing. In this condition the positive 
pitching-moment increment due to the upward-deflected 
aileron results in a forward movement of the center of 
pressure. The reduction in load cue to the upward- 
deflected aileron, however, is approximately balanced 
by the increase in loading due to damping. Figures 22 
and 2k show that this condition would occur at an 
altitude estimated to be above 52,030 feet with a value 


of qXA - - 275 at 

with F6 a = -11.0° and 



271 (point 
O.O555. 


A on V-n diagram 


Similar reasonings s'-'vv that in the rolling maneuver 
the critical design load for the rear spar v-ould occur 

at the highest value of Fo a q /yjl. - y 2 that can be 
obtained at the limiting equivalent a* reused (V 0 - 555) 
with the aileron ir the down oosition, the airplane 
rolling steadily, and the maximum accelerating lead on 
the wing. Tigures 22 and 2k also show that this con- 
dition would oc cur at an altitude of about 2000 feet for 

a value of <1 X4 ’ fr 2 = 1170 at \ e = 555 with 

FB a = 5.7S 0 and = 0.0066. 


Insofar as the design of the aileron is concerned, 
the largest loads will occur when P3 a has the largest 

value for a given equivalent airspeed and stick force. 
Figures 22 and 2k show that this large value of FC a 

occurs when - has the smallest values - that 

is, at sea level - although at this stage in the present 
analysis it is not known whether the steady roll or the 
angularly accelerated condition is the more severe. 
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The analysis has revealed that a number of altitudes, 
as well as a number of equivalent airspeeds, would be 
involved in the selection of critical conditions for 
the wing and aileron. Most of the critical conditions 
for the wing and aileron design occur at relatively lo^ 
altitudes; therefore, for simplicity and to keep the 
computations within reasoncble bounds the analysis for 
the P-Ii.73 airolane has teen confined to sea-level con- 
d itions . 

Because the basic wind-tunnel and flight data 
require extensive extranolati on in the consideration of 
ooints A, o, C, and p on the V-n diagram in combination 
with a stick-force increment of uO pounds, investigation 
of two intermediate points where the extrapolation of 
tunnel and flight data would not be so severe seemed 
desirable. An estimate of the loads thus would oe 
obtained between points A and B on the V-n diagram in 
\>'hfrt inifrht be considered a more common maneuver. Points E 
and ? of the V-n diagram were therefore investigated for 
a Lo-oound stick-force increment. 

The values of the various oarameters that would 
apply at sea level for each of the selected points on 
the V-n diagram are given in table T. The values for 
points E end r are listed for a kO-pound stick force, 
whereas the values for the other ooints correspond to 
an 80-^ound stick force. Because general curves of the 
various loadings are given, other conditions could be 
chosen for investigation if desired. 


COMPUTATION OF RESULTS AT SELECTED 
POINTS ON V-n D T AO- FAN 


Vims 


The general load curves having been determined 
(figs. 12 to 21) and the conditions selected for the 
analysis (table T), the loads occurring on the wing 
and ailerons were computed. 

The parameters used for the computation of load, 
shear, bending moment, and torque on the ylng are given 
In table IT. The values listed were obtained from 
figures 12 to 21 for several selected spanwise stations. 
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Span loading .- The net span-load distribution along 
the wing was computed from the values given in tables I 
and II for each of the selected points on the V-n diagram. 
The computations are made in table III in which the 
ordinates of the various load curves (table II) are 
multiplied by the appropriate constants (table I) to 
determine the load at a given spanwise station. 

For each point on the V-n diagram, the loads are 
subdivided into three groups, each group consisting of 
one symmetrical and two anti symmetrical loadings. One 
of the two anti synunetri cal groups refers to th9 loadings 
that occur In a steady roll, whereas the other refers to 
the loadings that occur in a roll at the maximum attain- 
able pb/2V with maximum angular acceleration (stick 
reversal) . 

The results given in figure 25 for the curves of 
symr..etrlcal load were obtained from rows 5» 17 » 29, L. 1 , 

53 t a nd 65 of table Til, from rows 9* 21, 33 , U5» 57 » 
and 6-9 for the curves of anta. 3 y 1 nretr. 1 cal load; and from 
rows 12, 2i|, 36 , !*&, 60 , and 72 Tor the curves of stick- 
reversal load. The results shown apply to the right 
wing In a right roll. The results f^oply equally well to 
the left wing If the signs of the anti symmetrical parts 
are reversed. 

Shear distribution .- The net shear distribution 
for each of the selected V-n diagram ooints is computed 
In table IV, a division Is made In this table similar 
to the one employed in table III for the loads. In 
table III, loads actir .3 upward are assumed to produce 
positive shear, and the two numbers that arise from the 
shear contributions of concentrated loads are braced 
together. The upoer number in the brace refers to the 
shear just outboard of the location of the concentrated 
load, whereas the lower number refers to the shear just 
inboard of the concentrated load. 

Figure 26 gives the results for the right wing in 
a right roll in such a manner that the effect of the 
antisyinmstrical loads on the total shear at any spanvise 
station can be seen immediately. 

Pending-moment distributions . - The bending-moment 

distributions are computed In table V and the variations 
obtained are given In figure 27* The notations In this 
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table follow those of tables III and IV and, as before, 
the bending-moment distributions of the right wing in 
a right roll are divided into symmetrical and anti- 
sym^etri cal parts. 

Toique distributions . - The accumulated torque distri 
bunions about the elastic axis of the wing are computed 
in table VI. As in the other tables, the various torque 
distributions ere divided xnto those thet are symmetrical 
and those that are antisymmetries! about the airplane 
center line. The two numbers that occur in the braces 
arise from the contributions caused by concentrated loads 
The uoper number in the brace refers to the accumulated 
torque just outboard of the concentrated load, whereas 
the lower number refers to the torque just inboard, of 
the concentrated load. Stalling moments result in 
positive torques. The results of torque distributions 
on the right ring in a right roll are given in figure 28 . 


Aileron toad Distribution 

The load distributions across the ailerons were 
determined at each of the selected points on the V-n 
diagram as follows: 

(1) From the aerodynamic -load distribution on 
the wing in way of the aileron (table Til), the total 
wing section lift coefficient at the various spanwise 
stations was found from the equstion 

l 

c •. = — 

- qc 


(2) Reference was made to the nd- tunnel data 
(figs. 6 to 9) end cross plots of these data were 
made to determine the over-all values of c n at the 

proner ’-:ach numbers. The cross olot3 of the tunnel 
data consisted of a plot of the aileron normal-force 
coefficient at zero lift with flaps undeflected 
against I\ach number, a plot of' dcj^/dcj against 

Mach number that includes the use of the slopes of 
the straight lines of figures 6 to 9» and a dot of 
c n against 5 at c n = 0 for various Mach numbers 

from the straight dashed lines of figures 6 to 9. 
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( 3 ) Because the aileron flap-chord ratio varied 
along the span and the wind-tunnel data applied only to 
a flao-chord' ratio of 0.269, the results of step ( 2 ) 
were adjusted for chord ratio. This adjustment was 
accomplished by multiplying the results of step ( 2 ) by 
the ratio of the flap parameters obtained from the wing 
section theory at various flap-chord ratios with the 
corresponding flap parameters for a flap-chord ratio 
of 0 . 269 . 

(1±) The over-all values of c n obtained from 

a 

step (3) were divided into several increments arising 
from the various spanvdse d 4 s trii'utions that were con- 
sidered. These incremental values of Ac n were sub- 
stituted in the equation 


= Ac n a * c 


in order to determine the aerodynamic load at any station, 
"lecause the data obtained from the tunnel had been 
evaluated in this manner for the different Mach numbers, 
it wa3 desirable to employ the same definition rather 
than to correct low-speed results for "ach number bj U3e 

of the fee tor f//i - if " . 

The component aerodynamic -loa^ distributions 
obtained by the foregoing procedire are shown in fig- 
ures 29 end 30* Figure 29 gives the component aerodynamic - 
load distribution obtained in the pull-out with steady 
roll, and figure 30 gives the corresponding uerodynu.rtc-load 
distributions for the rolling pull-out with maximum 
angular acceleration (stick reversal). The only distri- 
butions shown in figures 29 and 30 are those due to the 
additional distribution on the wing, equal and opposite 
deflection of the ailerons, the total aerodynamic- load 
distribu tlon, and a combined distribution composed of 
secondary aileron loadings resulting from rolling, wing 
twist, geometric twist, nr.d aileron droop. The 
aerodynamic- load distributions given by figures 29 and JQ 
were integrated to obtain eaoh comronent load as well as 
the total load on the al leron that occurs at each selected 
point on the V-n diagram. The results of the integra- 
tions are given In table VTT in such form that the con- 
tribution of each of the component aerodynamic loads may 
readily be determined, and the importance of the contribu- 
tion estimated. 
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DISCUSSION 

Tdngs 


The results in figure 25 and table III indicate that 
larger anti symmetrical lofid differences occur elans-, 
the scan in the rolling and nomal-acceleration maneuver 
In which the stick is reversed than in the steady-roll 
maneuver. In either maneuver the spanwi se-load differ- 
ences are not so large as might be expected from the 
severity cf the conditions ! investigated. In the steady 
roll the aerodynamic-load distribution due to aileron 
deflection not only produces a rolling moment that is 
equal and opposite to the sum of the moments due to 
damping In roll and elastic twist, but the shape of the 
distribution curves is quite similar. Tn the angularly 
accelerated condition the accelerating aerodynamic -load 
and the angular- inert! a- load distributions, in addition 
to being nearly equal and opposite with respect to total 
moment, are of aopi oximately the same form, reference 4 
shows similar results and discusses the effect of various 
wing weight distributions and aileron sizes and positions. 

The small spanwise-loading changes give rise to 
relatively small shear and bending-moment changes, as 
may be noted from figures 26 end 27 and tables I".' and V. 
The large changes in the torque distribution shown in 
figure 28 Indicate, however, that the more Important 
charges occur In the chordwise loading rather than in 
the soanwise loading. 

Figure 28 and table VI indicate that, with the 
exception of point B on the V-n diagram, the torque 
Increment at the root due to deflected ailerons Is almost 
as large as the symmetrical torque at the root. At the 
outboard wing stations, however, the torque increment due 
to the deflected ailerons Is in some instances several 
times greater than the symmetrical torque. A comparison 
of the results in figure 2.8 shows that the angularly 
accelerated maneuver prod . -33 slightly larger torque 
increments than the steady rolling maneuver. The largest 
torques are seen to occur at ooinl C on the V-n diagram. 
The results In table vi show that the torques contributed 
by the aerodynamic loads acting at the aerodynamic 
centers and the normal-inertia loads acting at the 
center of gravity of the section are large with respect 
to torques from the section pi tc'ning-moment coefficient. 
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The fact that the torque increment in the most 
severe case investigated is approximately twice that 
foi* which’" the 'wing was' presumably designed is,. in the _ 
present case, offset by the fact that the experimental 
stiffness was about twice the calculated stiffness. 

(See fig. k- ) The stresses in the beams and in the skin 
for the maneuvers considered would therefore be little 
more than those for which the wing was originally designed 
and, so far as the primary structure of the wing is con- 
cerned, the airplane probably could withstand the stresses 
imposed in the combined rolling pull-out. 

The intermediate points E and F, which were investi- 
gated v-lth the kO-pound stick force, in general show 
values that are intermediate between those for the oO-pound 
stick force at either points A and D or B and C. The 
loads at points E and F therefore ere not so critical as 
they are at the other points. These loads are, however, 
'more critical than those occurring in a symmetrical 
maneuver because the increase in torque is roughly 
60 percent of the increase obtained vith the GO-pound 
stick force. 

Although the present analysis Indicates that dif- 
ferent comoonents of the structure would have different 
critical design altitudes, altitude has little effect on 
the shear and bending moments because the extra shear 
and bending-moment comoonents are small relative to the 
symmetrical components even though, roughly, a 20-percent 

difference in the attainable values of F6 a q /A - m 2 

would exist between 0 and 30*000 feet. The torque 
values, however, will be increased by about 20 percent. 
Because of the extrapolation required in the present 
case, the magnitude of the increase cannot be stated 
very definitely. If, however, the percentage increase 
were of this magnitude, the various altitudes would 
have to be taken into account in the design of the 
primary structure of the wing. 

An estimate can be made of the increase that would 
be required in the wing- structure weight if the wir.g had 
been designed for the rolling pull-out. In order to 
obtain this estimate the wing-weight running load along 
the span was divided Into component running loads con- 
sisting of shear-carrying material, torsional-moment- 
oarrying material, and miscellaneous material. The 
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division was made in accordance with the assumptions used 
in the analysis of the wing - that the vertical shear 
was carried solely by the solid spar webs, the bending 
moment i*as cerried by the spar flanges and certain 
adjacent stringers, and the torsional moment was carried 
by the outer skin and by bonding action of the spsrs. 

The foregoing division of the running loads is shown .In 
figure 31 - 

Tn order to determine the weight increase necessary 
with respect to shear-carrying material, the distribu- 
tion for the shear-carrying material (fig. Jl) wa3 
multiplied by th9 ratio of the largest anti symmetrical 
shear to the largest symmetrical shear occurring at that 
same station. Integration of the curve thus obtained 
Indicated that a minimum of 5*2 pounds of shear-carrying 
material would have to be added to the spar web3 of each 
wing in order to wl thstand the extra shears introduced 
by the maneuvers considered. The amount to be added 
would, in a practical case, probably be somewhat larger 
because of the imnrao tics bill ty of graduating the web 
thickness as required by the computations. 

In order to determine the weight increase necessary 
with respect, to the bending-moment- carrying meterial, 
the distribution for the bending -moment -carrying material 
(fig. 3D waa multiplied by the ratio of the largest 
anti symmetrical banding or-oent to the largest sym? etri cal 
bending moment at the seme station. The curve thus 
obtained was integrated across the span, and the amount 
of additional bending material wa3 determined as 

2 O 2 pounds per wing. This amount of weight would be 

distributed along the span either as additions to the 
spar flanges or in the form of larger or more numerous 
stringers . 

In order to estimate ths weight increase in the 
torque -carrying material the assumption was made that, 
for the type of construction used, the soar flanges 
and the adjacent stringers would carry sore of the 
torque by differential bending, and the shin and the 
torque boxes would carry the rest of the torque. The 
extra material that was required could, therefore bo 
out either entirely in the skin or out 1 rely in tire spar 
caps, although an alternative orocedure would be to 
proportion the extra material between both for most 
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effioient use along the wing span. At the outer stations 
the greater, part of the torque load is carried by the 
skin; therefore J the most efficient use of- the material 
would be obtained if the extra weight were added in the 
form of skin material at the outboard stations and in 
the form of spar material at the inboard stations. 

The estimate of the weight increase, when the skin 
material at the outboard stations and the spar material 
at the inboard stations are increased, was obtained by 
determining a new torsional-stiffness curve for the wing 
that would give the same twist variation along the span 
under the largest total torque (point C, fig. 28) as 
would be obtained with the largest symmetrical torque, 
also shown in figure 28 with the original computed 
torsional stiffness. Although this viewpoint is only 
one of several that could be taken in order to determine 
the weight increase, it had the advantage that the parts 
of the wing that are not stiffened would, to a first 
approximation at least, not be subject to greater stresses 
than in the symmetrical maneuver. 

Tn the application of the foregoing estimate, the 
method outlined in reference 3 for the calculation of 
wing torsional stiffness proved useful. The detailed 
procedure for the computations was one of "cut and try" 
in which the upper and lo^or skin of the torque boxes 
and the spar webs, which formed a part of the torque 
boxes, were increased along the scan until the desired 
torsional-stiffness curve was obtained. 

The weight increase per wing in the torque- 
carrying material was determined as 77 pounds, of which 
6l pounds were added to the skin and l6 pounds to the 
spar webs. 

The weight increase for the entire wing would thus 
be about 102 pounds or lit.. 35 percent. 


Ailerons 

The aerodynamic-load distributions over the ailerons 
(figs. 29 and 30) are in general of the shape that would 
be expected from the aileron plan form. (See fig. 1.) 
Table VII shows that for these ailerons the loads due to 
droop, built-in twist, and elastic twist are generally 
small with respect to the loads due to equal and opposite 
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deflection of the ailerons and also with respect to the 
aileron loads due to the additional aerodynamic load. 

The results given in table VII indioate that the highest 
loads occur at point C on the V-n diagram (fig. 5)» I* 1 ® 

aerodynamic load occurring in the pull-out with steady 
roll differs very little from that occurring in the pull- 
out with aileron stick reversal. If, however, aileron 
inertia wsre taken into account (each aileron weighs 
26.5 lh) the load for the steady roll with combined 
normal acceleration would be slightly larger. 

The largest aileron loads given in table VII are 
downward- acting loads, whereas the requirements of 
reference 6 specify that the downward load need be only 
one-half the upward load. Aside from the difference in 
the direction of the critical load, the computed limit 
load, in accordance with the requirements of reference 6, 
would be 957 pounds per aileron, whereas the computed 
limit aerodynamic load with the rolling pull-out (Cg and 
max. pb/2 V) would be roughly 33°° pounds. Table VII 
also show3 that the computed aileron loads at any of the' 

E oints investigated, whether with ij.O-( points E and ?) or 
O-pound stick force, are larger than °57 pounds per 
aileron. Static tests of the aileron by the Republic 
Aviation Corporation are understood to have shown a 
breaking load of 37&0 pounds when chordwise loadings 
similar to those obtained in the wind tunnel were used. 

The large difference between the required loads 
and those of the present computations, together with the 
large margin of safety that exists between the breaking 
load and the design load, indicates that a large improve- 
ment In aileron design could be had by the Improvement ' 
of both the load specifications and the method of appli- 
cation of the loads to the design. 


n 


ONCLU Jl 


RE > .ART- S 


The analysis of the effect of the rolling pull-out 
on the wing and aileron loads of a typical fighter air- 
plane Indicated that evailaole applicable aerodynamic 
data were deficient ^n the coverage of angle of attack, 
aileron deflection, and. tfach number. Because of the 
limitations of the wind tunnels, any similar analysis 
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will probably show the same results whether the aero- 
dynamic data were obtained by specific tests or by an 
analysis of- existing results that necessitates extra- 
polation of the data. 

The following specific conclusions applying to 
the P — i|-7 B airplane may be drawn; 

(1) The computations indicated that if the 
airplane were designed to take into account the 
rolling pull-out, an increase in wing weight of 
at least 102 pounds, or approximately 1 I 4. - 3 5 per- 
cent, would be necessary. The division of weight 
would be roughly as follows, 

20 pounds extra material in the spar caps for 
extra bending 

5 pounds extra material in the spar webs to 
take care of extra shear 

6l pounds extra material in the upper and 
lower skins that form the torque bores 

l6 pounds extra material in the webs of 
the torque boxes 

(2) The commutations indicated that the ailerons 
of the P-li73 airplane could withstand the loads 
Imposed in the rolling pull-out with either a b.O- or 
an £0-pound stick force without exceeding the 
ultimate breaking loads, although the loads would 

be larger in either case than the specified limit 
loads for which the ailerons were designed. 

( 3 ) results showed an aileron reversal speed 
of 620 miles per hour at sea level and 660 miles 

oar hour at ij.0,000 feet. Even though terminal 
velocity for this airplane were taken as 553 miles 
per hour at sea level, the computed reversal speed 
would be only 12 percent greater than the terminal 
velocity, 

A generalization of the results ■ obtained in the 
analysis for the rolling pull-out indicated that’. 

(1) The maneuver that combines the maximum 
normal acceleration with maximum rolling velocity 
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and angular acceleration (that la, stick reversal 
from steady roll at maximum load factors) is likely 
to give rise to loadings on the primary wing 
structure that are slightly more severe than those 
that occur in the steady roll performed in combina- 
tion with maximum load factors. 

(2) The ae rodyn ami c- load distribution due to 
deflected ailerons being similar in shape and 
opposite in magnitude to the distribution due to 
damping in roll results in only small changes in 
either the shear or bending moments that pass a 
given spanwise station. The angular-inertia distri- 
bution being similar in shaoe and approximately of 
the same magnitude, but opposite in direction, to 
the distribution due to deflected ailerons, the 
change in soan loading or. the wings in the angularly 
accelerated maneuver is due primarily to the damping 
in roll. A net loading that results In somewhat 
larger values of sheer and sending-moment increments 
than are obtained in steady roll is produced. 

( 3 ) The shear and bending-moment Increments 
in the rolling pull-out will be small; the torque 
increment will be large and may be double the 
initial symmetrical torque on the v : Ing. 

(4d Existing requirements for tbs loedo on 
the ailerons not only give values oi tho load that 
are too small, but the direction o the .Ur-jost 
load, may be in en opposite direct J or to ihe l->ad 
deoerminod by present specification:;. 


Langley Nemo riel Aeronautical Laooratory 

National /dvisoiy Committee for Aeronautics 
Langley Field, Va. 
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TABLE I 


VALUES' OF PARAMETERS USED IN COMPUTATIONS 


[Sea level; stick force, 80 lb] 


Point on V-n 
diagram 

•Equivalent 
airspeed 
from fig. 5 
(mph) 

Mach 

number 

q/\A - M 2 

from 
fig. 22 

pb/ 2 V 
from 
fig. 21 

F6 a 

from 
fig. 21 
(deg) 

F 

from 
figo 11 

Angular 
acceleration 
from equation (29) 
( rad/sec 2 ) 

A 

271 

0.355 

200 

O.O673 

12.75 

1.106 

11.82 

B 

553 

.725 

1120 

.OO78 

3.96 

.860 

7.86 

C 

553 

.725 

1120 

.0078 

3.96 

.860 

7.66 

D 

281 

.568 

217 

.06140 

12.30 

1.106 

12.19 

E 

i4-6o 

.603 

679 

a .0125 

a 3 - 55 

.982 

a 745 

F 

I460 

.603 

679 

a .0125 

a 3.55 

.982 

a 7-45 


a 


Stick force, I 4 O pounds. 
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tabu n 


PARANRKRS UBXD TV OOMFUTAHOV OF LOAD, SOU, KXDITO KOHVVT, AID TORQDI U8TKEBDTX0I8 



Station 







P| 






■ 

Itow 


alin 

«5 

220 

173 

160 

185 


120 

100 

80 

64 

26 

B: 


Oo^wmntirV 







U 






Load 

1 

1 ddltlOMLl 

2.19 

5.98 


6.70 

7.15 

7-58 

7.65 

n 

8.63 

6.71 

8.89 

9.14 

12 

2 

2 

Built-In twlat 
Allaron droop 
Allaron daflaotad 

ToS? 

•0182 

-.490 
.02 82 
.0596 

-.6l8 

■ 141)2 

.13U1 

6 

-0434 

.1130 

.02$ 

3B 


■ 19u 
:^ 5 

.0213 

.0138 

.00126 

3 

15 

5 

Twlat » 1(A 

■ 2 Bk 

& 

.621 

■653. 

p 8 

.515 

.UE8 


.282 

.194 

.142 

.031 

19 

6 

7 

Damping 
■ormal lnartla 

7.60 

6.U 

15-71 

19.1 

16.29 

22.9 

15.29 

28.9 

18.99 

H 

11.76 

83.8 

W.l 

Iff 

3.40 

52.4 


8 

Angular lnartla 

1J3 

rri 

315 

336 

385 

355 



359 

321 

113 

fl 

Sfaaar 


Additional 

1.0 


U1.5 

3:I» 

36.5 

85-6 

89-0 

61.6 

Ii:!i 

90.0 

101.5 

133.0 

i£ 

12 


Bnllt-ln twlat 

-.10 

-6? 

-1.60 

-2.67 

-2. W 


-2.39 


-1.63 

13 


Allaron droop 

-.005 

.018 

.062 

.122 

.287 


-jJiO 

.E90 

.461 



54 


Allaron do f la o tad 

.010 

.250 

■ 538 

.S7O 

•915 

1.655 

1.140 


15 


Twlat »* uA 
Banning 

i 3 

.60 

15-0 

1.9! 

65.0 



4.77 

„ llfi.O 

&?6 

&?5 

6.25 

169.5 

6.65 

lo7.0 

6.86 

198.0 

Jilfo 

3 

*15 

Kornal lnartla 

2 

13 

50 

{Jl5 



| 620 

{ 79(5 

tea 

1025 

J1090 

11870 

}l630 

20 

•l6 

Angular lnartla 

70 

300 

950 

{ 2 !£ 

1 5300 

{SS 

m 

J 9200 
\ 11,400 

3 12,000 

12.550 

/ 13,000 
\14,920 

} 15.500 

21 


Banding nonant 


Additional 

0 

ii 

91 

65 

102 

-8.2 

I7f 

270 

382 

516 

6/6 

1011 

12 

18 

Built-in twlat 

-.1 

-all 

E jEfl 

-7.1 

-10.1 

-lU.S 

-18,3 

-22.1 

-25.2 

-27. L 

-30.7 

« 

IQ 

Allaron droop 

-.005 

.005 

a ill 

•55 

1.00 

1.52 

1.71 

2.L8 

3.27 

3.99 

8.65 

k % 

14 

20 

Allaron daflaotod 

0 

.OL 

• 33 

l.i5 

1.92 

2.08 

3-25 

4.90 

6.75 

8.70 

10.30 

15 

21 

Twlat « 108 

0 

.3 

2.9 

8.2 

12.8 

18.2 

20.3 

t90 

1310 

20,100 

29.3 

5».2 

69. 0 

}8.9 

81.0 

19 

22 

Sasplsg 

0 

l6 

10 

70 

90 

190 


IJiQ 

1090 

720. 

990 

3900 

gB 

US 

2200 

11,890 

140,900 

16 

20 

12 



10,600 




100 

300 

1600 

17.200 

55,000 

55.000 

75.200 

93,100 

21 

Torino 

m 

Additional 


■9 


■fl 

5.60 

6.50 

7.05 

8.15 

9.50 

11.00 

12.90 

20.13 

12 


Built-In twlat 


ppfi 

-.256 

-.38 

-.399 

-.396 

-365 


-. 921 

-.269 

-.051 

13 


Allaron droop 


m 

.0216 


.0|66 

.0640 

.0660 

.0S96 

.0578 

.0860 

0 

14 

in 

Allaron daflaotod 


.0625 


.1096 

.1265 

.1315 

. i hhh 

■ 1525 

-I578 

.1618 

.1660 

15 

2Q 

Twlat » r . d L 

.005 

.082 

.307 

.530 

.631 

.709 

.72E 

.787 

.857 

.885 

.920 

.986 

19 

50 

Damim 

.2 

1.9 

7.2 

12.6 

15-2 

17.8 

l6.0 

20.1 

22.0 

26.1 

25.9 

50.2 

16 

31 

<ha. 

0 

11 

62 

1U7 

206 

272 

295 

399 

505 

622 

720 

968 

17 

32 


0 

.935 

.628 

1.012 

1.688 

1.920 

2.098 

2.965 

2.365 

2.365 

2.365 

2-365 

17 

*35 

Xoraal lnartla 

1 

5 

32 

{£ 

}l»7 

IIS 

3 157 

r 239 
1 258 

}s50 

668 

{558 

taoe 

20 

*38 

Angular lnartla 

10 

no 

500 

{SB 

J1520 

/2070 

\ 1910 

} 2120 

{??!§ 

}b440 

5300 

{W 

j-6870 

21 


Sin two nnbira in braoad tonthir, the uppar nurbar rafara to a point Juat outboard of ■ oo no antra tad load 
vtaaraaa feha lowar nabar rafara to a point Juat Inboard of tha oonoantratad load. 
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TABU III 

COUFDTATIOB OF LOAD DTSTBT BOTTOM IB HOST BOLL 



frooda (lT.n la iVrt] 


160 II 4.5 li|0 120 100 80 6 b 26 Distribution 


Point Ai otlak foroo, 80 pound. 



IW!1I 


1805 2144 
-84 -43 -20 

-22-2J-20 

-183 




?)iiiB 2386 2698 
6 26 38 

-11 0 10 

-243 -293 -347 
2200 


-306 -367 -342 -288 -267 -176 -102 -34 -34 

32 33 30 26 25 20 14 10 7 

211 219 213 206 202 182 139 131 108 

-63 -113 -97 -38 -40 24 71 87 81 


327 , 

-127 -130 I -131 
200 338 313 


54 

ig Syanetrioal 
-kl9 


(s/.ji 


Anti aywe trio el 
(steady roll) 


Antis janetrloal 
(atlok reversal) 


13 [1J « nB/ 3 

111 [2] » q/lA - B 2 

15 [3Q * ™d< lM - K 2 

16 [f * n 

17 >113) 1 16) 



Point 8) itlok foro . , So pound. 


1803 2144 2288 2413 
-468 -243 -114 0 

-11 -12 -10 -7 
-133 -189 -203 -231 
1173 1706 1959 2175 




533 -639 -596 -301 -465 -310 -177 -94 -59 I -12 


-ill -92 



6 110 362 458 
-31 -65 -75 -80 
-25 45 287 378 


379 
-84 I -85 
295 269 



2787 

2845 

261 

281 

8 

9 

-381 

-308 

2675 

2737 

-94 

-59 

.96 

70 

85 

70 

87 

81 



S7JIK01EE1K1 



Anti symtrlaal 
(steady roll) 


AntlsTsewtrloal 
(stlok reversal) 


Point Gi stlok force, 80 pounds 



-65 -75 

45 287 


„ Antl.jn.trlo.1 
-03 -27 ( *tlok reversal) 

-4 -11 


359 295 269 


*lh»bsra In braokots [J refer to rova In table II* Vwbera in parentheses ( ) refer to rove In teble TIT, 
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TAOS III - Conoluded 

CORPUTATIOI or LOAD DX 9 TRIB 0 TX 0 I II RIO HI ROLL - Conoluded 


Station 

(In.) 


Ponoula 

(a) 



2 b 0 225 200 17; 160 lU 5 ll |0 120 100 [ 80 6I1 26 Dlatrltntlon 


Point Cl ktlek fbroe, 80 pound. 



111 22 -\I182 
5 U 59 

18 19 

210 
-1171l 




3 intlaymatrleal 
I f ataadj roll) 


WO 553 255 1E1 139 60 

-ns -138 -136 -J21 -100 -w 

325 215 119 60 39 17 


Point E| atlok fora. . I4O pound. 



2386 

88 

0 

-293 

2381 

2698 

132 

2 

-347 

2W5 

2787 

158 

3 

-381 

25«7 

-169 

-96 

-51 

82 


32 

115 

100 

S 3 

B 

50 

6U 

222 

-127 

150 

-125 

102 

-111 

95 

25 

- 9 | 



183 

U Syraatrloal 


Antlayaaotrlaal 
(a toady roll) 


Anti .yon. trio . 1 
(atlok raTar.al) 


Point F; atlok foroa, liO pound. 


[l] * nw / 3 

PJ » 1/lA - r 2 
DO * Ft> d <iAA - ? 

^6l)"to (6U) 



1B3 

h symatrloal 
210 
-IO65 


7 Antlayaaftrloal 
fstaady roll) 


Antlaynatrioal 
fatlok ravaraal) 


•puwbera In braokats [] rafar to rows In tabla TI. Kumbera In paranthoaaa ( ) rafar to pom In table III. 
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fUU IT 

oeanHRoa or shuh bhuibrioi 11 non boll 


‘ [bh 


an (lTta In lb * 10 



Point A) atlok fbm, 00 poods 


i[*| 1& 

-12 




■1J« 

-101 

-232 

-355 

-209 

IT 

21 

ak 

35 

29 

106 

155 

159 

16B 

200 

-15 

-07 

-39 

-to 

-*|0 




Anti sf trl. osl 
(a toady roll) 


Anti sjw trl osl 
(atlok rorsrssl) 


Point Bi atlok foroo, 00 pounds 



Point C| atlok faroo* 00 pooda 



Antlayootrlool 
(a to ad j roll) 


Ant 1 oyano trl o al 
(atlok rovoroal) 


■vr-h-ra in braokota M rofor to rows In tablo II- tabors In paronttaaaos ( ) rofor to row In tablo I¥- 
bEon tJo Mtan inbraotd to*ottaor tha nppor noabor rofora to a point Just outboard of a oonoantratod load taraaa 
tbo lovor mater rofora to a oolnt Just Inboard of tho oonoantratod load. 


■ATIOIAL ADVISORY 

ooavTrm for Axnoucnoa 
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TABU TV - Oooolndad 

OOWPUTATTOl OF BBEAB DI8TKI BOTTOM II RIOBT BOLL - ConoluM 



Station 

) 

■ 













FQnanla X. 
fa) 


225 

200 

175 

160 

145 

140 

120 

100 

00 

64 

26 



Point Dj atlok foroa, 60 pound a 


OQ * 

M « <ia4 - * 

M ■ FO d q/SA - ? 

M « n 
2?J7) to (40) 


I12 [12] « ra.q/SA - ? -3 

43 [IS « 1 

44 M » - h 2 

U5 (42) + (43) + (44) 




-16 -67 
4 11 

21 62 

4 6 


-3 l-ll I .36 


Point 1; ltlek foroa, Uo pound* 


H « nya 

[lol « q/yd -H 2 

M . raa wrn? 

&a * n 

20.0) to (52) 




$ 

L=_ 

r°7b 

' 748 

-129 

-171 

-210 

54 

66 

76 

67 

84 

100 

-e 

-21 

-32 


102 104 

1U1 15° 

-35 I -2? -1? 


-244 
117 

I 185 
-14 1 




Point P| atlok foroa, liO pound a 


61 

62 

63 
b 66 

*65 

[4] X nlt/a 

ClqT * q/i4 

[15 X F» a q/v4 - ** 

M * ■ 

^61) to (6(1) 

66 

67 

68 
60 

Dug x ra,qAA - P 

H:|&* 

'66) + '67) + (68) 

70 

V 

*>72 

-'66) - (67) + (68) 
|l6] « 6/e 
(73) + (71) 




-275 

-2e7 

-24ll 

102 

100 

112 

llil. 

iy» 

168 

-24 

-19 

-14 



Antlaynaatrloal 
(ataady roll) 


Anti a janatrloal 
(atlok ravaraal) 


■itunbora In braekata [1 rofar to rooa In tebla II. luabara In parantbaaaa ( ) rafar to rova In tabla IV. 
too numbara ara braoad tocathar, tba uppar n us bar rafara to a point Juat outboard of a oanoantrata< 
afaaraaa tha lovar non bar rafara to a point Juat Inboard of ttia 00 noantra tad load. 


RATIONAL AOTIBOKY 
COKCTTB FOB UR0MAUT1C3 


I 
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TABU T 


ooipotatioi or KADin-Komr DisniBonoi ii non non, 

fading Mil (Inn la ft-lb « 10-*1 


Row 

Station 

Fbnmla 

(•) \ 

2 to 

225 

200 

175 

160 

its 

lto 

120 

100 

80 

-- 6t- 

- 26 - 

-Btotrlbatloa 

Polat A| atlok faro., 80 panada 

1 

2 

3 

It 

5 

M * °Va 
Bfl « iaA - K 2 
US ■ HjiM - ? 

w n 

sru to (u> 

0 

0 

0 

0 

0 

1 

I 

206 

-It 

-2 

-28 

16 J* 

326 

-20 

-3 

-50 

253 

502 

-26 

-5 

-86 

383 

370 

-29 

-5 

-105 

t31 

| 

13» 

-tt 

-10 

-312 

656 

1691 

-50 

-13 

-tl +6 

nl|3 

207t 

-55 

-It 

-5«t 

Ittl 

n 

Bp—otrloal 

& 

7 

8 

9 

go] « FB,q/Vf - M 2 
M ■ fa.i 2 /i - i 2 
M " fpoM - ** 

(6) ♦ (7) + (8) 

1 

i 

-8 

2 

9 

3 


-t9 

7 

to 

-2 

-73 

9 

59 

-5 

-83 

10 

66 

-7 

-123 

15 

97 

-13 

-172 

20 

133 

-19 

-222 

25 

17t 

-23 

-262 

30 

212 

-20 

-563 

tl 

296 

-26 

AntlafBotrlool 
(atoodj roll) 

10 

11 

12 


1 

E 

1 

51 

-16 

35 

82 

II 

123 

-63 

60 

139 

t 

207 

-132 

75 

i 

371 

-276 

95 

ttt 

-3t2 

102 

618 

-516 

102 

Antlaj— trioal 
(atlok rovoroal) 



Point Bl 

■tlsk font, 80 pounds 

13 

lit 

15 

16 
17 | 

p.7] * nw/a 

MI * i/iA - I 2 
M * m d qM - ■* 
in * “ 

Si3l to ( 16 ) 

0 

-1 

0 

0 

-1 

13 

-It 

0 

-1 

B 

1 

208 

-80 

-1 

-28 

99 

326 

-113 

-2 

-50 

l6l 

502 

-Its 

-2 

-86 

266 

570 

-160 

-3 

-105 

J02 


ESj 

B5l 

m 

ESI 

Hi 

ii 

3235 

-3tt 

-8 

-951 

1932 

SpaBatrloal 

IB 

M 

20 

21 

M « ro.q/SA - ■* 
eg k w«< An - j 2 
gg *$, M 7 ? 

(18) +119) ♦ (20) 

I 


1 

-50 

la 

17 

8 

-85 

6t 

26 

5 

-128 

90 

38 

0 

-lit 

101 

t3 

0 

-217 

lt5 

63 

-9 

-299 

19t 

86 

-19 

-386 

2 tS 

115 

-25 

-L 56 

292 

138 

-26 

-631 

tQ 2 

192 

-37 

AntlapMatrloal 
(■toadi roll) 

22 

23 

2L 

n^m 

H 

i 

1 

2 i 
-10 
16 

1+7 

-25 

22 

77 

-tl 

36 

66 

-t8 

38 

1 

191 

-131 

60 

251 

-179 

72 

302 
-2 22 
80 

1x21 

-33lt 

87, 

Anti iiw trl osl 
(stlok rtvsrsal) 


folat Cl atlok lorao, 80 peunda 

25 

26 

27 

28 
29 

tfl * 

£9 » q/v4 - I 2 
&$ X re d oAA - ■* 

1 ( 25 ) to ( 28 ) 

0 

-1 

0 

0 

-1 

-6 

-h. 

0 

0 

-10 

1 

-lot 

-8o 

•i 

it 

-171 

-163 

-113 

-2 

25 

-253 

-251 

-its 

-2 

t3 

-350 

-285 

-160 

-5 

52 

-396 

-t32 

-205 

-t 

100 

-5ti 

-611 

-2te 

-5 

156 

-708 

-826 

-282 

-6 

223 

-891 

-1037 

-307 

-7 

282 

-1069 

-1618 
— 3tt 
-8 
t76 
-lt9t 

Byaaotrlool 

30 

31 

32 

33 

M aroynvi - »* 
gg * w.q*A - "* 

ea 

( 30 ) + ( 31 ) + ( 32 ) 

0 

0 

0 

0 

-2 

2 

1 

1 

-15 

It 

6 

5 

-50 

ti 

17 

8 

-85 

6t 

26 

5 

1 

I 

i 

-299 

19t 

86 

-19 

-386 

2tS 

113 

-25 

-t56 

292 

138 

-26 

D 

lotlsiMtrtaal 
(steady rail) 

St 

35 

36 


I 

1 

1 

26 

-10 

l6 

u 

77 

-tl 

36 

-ts 

38 

135 

-86 

t9 

191 

-131 

60 

251 

-179 

72 

302 

-222 

80 



b2i 

-33t 

87 



AntlariMtrloal 
(atlok ronroal) 


Vabtn in brsoksta [] rtftr to rows In tabls II. tabors In pirrathtisi ( ) rsfsr to rovo In tablo V. 


1A1T01AL AEWI80RY 
CORKTREE FOR AEH0EAUTI08 
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NACA ARR No. L5I04 


TABU T - conoludad 

COKPTJf ATTOW OF BBIDIBO-MOKEIIT DISTFT BOTIOR IK RTOHT ROLL - Oonoludad 


Sow 

Station 

(in.) 

For*mla'>s. 

240 


fa) N. 




173 160 U£ ll|0 120 100 80 64 | 26 | Dletrlbutlon 


Point Dj atlek foroa, 80 pounda 


Symaetrloal 



29 54 L.7 Antlarametrloal 

(eteady roll) 

179 219 505 


Anti aymnetrloal 
fatlolr ravaraal) 


49 M * nW/ 3 

50 &a * nM - / 

51 « P8 d qAA - II 2 

52 gS * » 

53 249) t0 W 




Point K; atloV foroa, iiO pounda 


8 326 502) 570 
8 - 69-90 
-1 -1 
<50 -66 
206 325 


-27 -46 
13 21 

16 25 



9 

30 

-6 

-15 

3 

15 



-3 symatrloal 
951 


Anti symmetrical 
( a toady roll) 


Anti symmetrical 
I atlok ravaraal) 


Point F; atlok foroa, 40 pounda 


&7j * nw/ B 
(18| * q/iA - r 
&9] * F0 d q//1 - £ 
3] x n 
161) to (64) 



Syamotrloal 


Anti symmetrical 
(ataady roll) 


X 3 z tea Antlaymmatrloal 

323 *46 e (itl0 { „ nrlll) 


*Huab*ra In braoketa [1 rafar to roaa In tabla II. Humber* In parantbaaaa ( ) refer to rows 
In table V. * 


KATIOKAL ADVISORY 
COKYITTKE FOR AERDRAOTICS 





































































NACA ARR No. L5I04 


TABU n 

ooKminoi or toot p u t u bot x oi xi non i 

^oTqwa dm la Ib-ft a io“fl 



26 I Distribution 


Point ai atlak fom, 00 potnda 


M * .. 

M ■ • ** 

M « Wa«l/S A - «* 
D5 ■ o^q/SA-i? 

PS *« 

5<i) to (j) 



Point Oi atlak forM. 80 poada 


(?5l * 

6€ * w - ** 

85 

”33 DJI » O 
Ni 5f«) *> <331 




-39 -hn 

26 31 

11 13 

i L-6 61u 

U.t t}f 


-Lit 

{3 


-9fl 

-6h 

3* 

59 

16 

IS 

926 

late 

« 2 

lOtl 


lots lots 

10L6 iota 



,, lintla j— tr l oal 

a ®| (ataody poll) 



"■bun bars In br-.akata[| nur to ro«s in tfcLl« II. atniMri in jarantliAiss { ) refer to ma in table VI. 

“ridon t*o nimoara are erased to^atbar, tb* m>c*r aui-itfi reftr*. to s (.olnt Just outboard of a oonoentrated load 
*hll« the l<mr number ralin to k v>olut, ,i»t l&ootrd oi the oaooent rated load. 


uAlZ>bf»:. AE\rc.RT 
C" tfHIW AF fc iA’TTCP 













































































49 


NACA ARR No. L5I04 


UCI 71 - Qomlaflad 

oovmcoi or io«x Dnnramov n non boll - oomiaM 



229 200 179 160 I U »9 I U |0 320 300 60 6 b 1 26 Uatrlbatlon 


Point Di afclok foroa a BO povnda 


(Sfl ■ nV B 

» nA^T- ii 2 
[z7j « reaciM - X s 
53 « ol iAA - ** 
53 «■ 

J(k3) to (U7) 


M ■ ™«<iM - «* 

M ■ ra.g 2 /! - « * 

M 

M « rqM - ■* 

(Ml + (50) + ( 51 ) + (5Z) 


5k -ft9) - (50) ♦ (5D + (5*) 
b 55 W « t/t 

V '5k) + (55) 



Point K; atlok forooj bo pound* 


[ 25 I « nt/ S 
54 • qAA - 1? 

[27] - nwv 4 - * 

59 * v iM - ■* 
Pfl «• 

J(57) to ( 61 ) 



l?3 ■ 

* q/yA - »* 

* Wot/ / - ? 
7k 59 « a^qM - K* 

"75 53 ■ » 

V XJ71) to (75) 


» re,q/yA - x 2 

M ■ re^/i - ** 
[*fj « g|q AA - «* 

hi] » rq/yi - 

(77) + (78) ♦ (79) + 


Aatlavwwtrloal 
(a tick nvantl) 


"ihvbara In braokata T ] rafar to row In tablo II. Itabara In paraathaaaa ( ) rafar to roaa In taola 71. 

°lhan tro nunbara ara nraoad to*athar, tba uppar nvbar rafara to a point Jnat outboard of a a o no antra tad load abaraaa 
tha loaar mnrbar ralara to a point Juat Inboard of tba ooaoantratad load. 

WATT ORAL ADVISOR? 
c oniiTU ran AiRouuncfl 






































































NACA ARR No. L5I04 


TABU m 

AIRODYVAMIO LOADS 01 AZIXROB IV RIGHT ROLL 


point on T-n dl 








Typo of load 


Additional 

Bollt-ln Mat 

Allaron droop 

All iron daflaotlon 

Mat 

Doping 


Total 


Additional 
Bollt-ln twlit 
Allaron droop 
Alloron daflaotlon 
Mat 
Danplng 


Total 


Additional 
Built-In twiat 
Allaron droop 
Allaron daflaotlon 
Mat 
Dawping 


Total 


Additional 
Bullt-ln twiat 
Allaron droop 
Alloron daflaotlon 
Mat 
Danplng 


Total 


Additional 
Bollt-ln twiat 
Allaron droop 
Allaron daflaotlon 
Mat 
Banping 


Total 


Additional 
Built-In twiat 
Allaron droop 
Allaron daflaotlon 
Mat 
Danplng 


St a ad y roll 




q ■ 

' 771.5 

7 "^?' 1120 

0. 

■ ll.fio 


- -0.16 

ob 

= 0.0078 


21 

0 B - 11.12 
- -1.30 

wr ■ 0.061x0 


VS - ? 

6. - J.615 
«d ■ - 0.09 
- 0.0125 






































































Chord } in. 


Fig. 1 


NACA ARR No. L5I04 



Distance a/ong semispan , in. 

NATIONAL ADVISORY 
COMMITTEE FOR' AERONAUTICS 


Figure L- Wing chord distribution and location of axes. 




Equal 

F/gure 3 . - For/of/ on 
opposite o/'/eron 


ici opposite aileron ang/e , 6 a , deg 

f ai/eron droop with equal and 
deflect ion . 3= F a + Sg 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 






Torsional stiffness } m e , ff -ify/deg 


NACA ARR No. L5I04 


/ 000 X to k 


\ Experimental ; doors dosed 


\ i i i 

Exper/menfai ; doors open 


\ \ 


Calculated 


\ \ 


m 

i 

i 

i 

■ 

i 

i 

i 


, Euse/age side , £6 in. 


NATIONAL ADVISORY 
COMMITTEE F0« AE*OM*UT»CS 


40, 80 i£0 160 £00 

Distance along semispan , in. 

Eigure 4. - IVing torsional stiffness . 


I 

i 



Fig. 5 


NACA ARR No. L5I04 



Equivalent airspeed , l/# , mph 


Figure 5 . - Sea - level limit E-n diagram for airplane 
with a norma! gross weight of if, 000 pounds . 
Gross wing area J00 square feet . 




Wing section norma/ -force coefficient , c n 

Figure 6. -Variation of c nQ with c n for various ai/eron c/ef lections for M=0.£5 . Dashed 

tines indicate extrapolations . 






Wing section normal-force coefficient , c n 

Figure 7-t/ariation of c r!a with c n for various aileron deflections for 0.475 . Dashed 

tines indicate extrapolations . 








Aite, 



Figure <3 - tdriation of c na with c n for t/arious aileron deflections for M^O.60 . Dashed 

tines indicate extrapoiations . 


H- 

oq 


00 












thing section norma/ -force coefficient , c n 

Figure 9 - !/a nation of c n ^ with c n for i/arious a Heron c/ef/ections for M=0.7F5 . Dashed 

tines indicate extrapo/ations . 


NACA ARR No. L5I04 


—JO 


i 



Figure 10 -l/ariatfon of section coefficients with aileron 
chord ratio . [Experimental cun/e for from 

reference I .) 


o 


NACA ARR No. L5I04 Pig 



Slick 



Fffecfi/e aileron ang/e , F^dep 


Figure//. - l/or/allon o/la/ned In ///g/il Aeftveen s//cF force and FS^ 
A or i/ar/ous ira/ues of 


NACA ARR No. L5I04 







Distance a/ong semispan, in. 

Figure J3 . - Distribution of toad , shear , bending moment, and torque for built-in -twist aerodynamic toad. 








Bending moment 


Shear 


Fuselage side , £6 in. 


NATIONAL ADVISORY 
COMMITTEE Ft* AERONAUTICS 


distance along semispan , in. 

Figure !4. - Distribution of load J shear , bending moment , and torque for drooped - aileron 

aerodynamic toad . 


FFuq/FF, 










Bending moment 


^-Fuselage side, £6 in. 



i£0 160 

Distance a tong semispan , in. 


NATIONAL ADVISORY 
COMMITTEE FOI AERONAUTICS. 


Fgure /5. -(distribution of /oad , shear , bending moment, and torque for aerodynamic loads of 

ailerons deflected equally and oppositely. . 


NACA ARR No. L5I04 






NATIONAL ADVISORY 
CONNITTEE FOI AERONAUTICS 


wispan , in. 

t, and torque for damping -in -roll aerodynamic load . 









Distance a/ong semisp 


Figure ! 7- Distributed and accumulated 


-Distributed torque 
-Accumulated torque 



torque due to c mQ and 6 a . 


NACA ARR No. L5I04 








id/ng -twist distribution due ft 
a/teron deflection. 



Distance along semispan , in. 


Figure i 8.- Ding- twist distribution due to aileron deflection and section pitching 

moments . 


IVing- twist distribution ^ due fc 




Figure 19 .-Distribution of load , shear , bending moment and torque due to wing -twist aerodynamic bad. 


NACA ARR No. L5I04 













f/gure £2. f /€? Zi/es 
of g/fz 


of 

-M 2 


job/££f for various 
arc/ sf/c/r force. 


ira/ues 


NATIONAL ADVISORY 
COMMITTEE FOft' AERONAUTICS 






Altitude 

(ft) 

■40,000x 


Extrap.o/ated 


\ii 


A Curve used in design 

B Curve furnished bg Lang/ey 
8-foot high-speed tunnel 


U\ 
II N 


30.000 s 


\ 77 

M/ 














A" 

^ - 



- 20 , 000 " 

10,000 
0 ^ 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


.3 .4 .5 .6 .7 .8 .9 /0 

Mach number 

F/'gure Z3. - Determination of terminal Mach number of various 
altitudes . ~ = 40 pounds per square foot. 


NACA ARR No. L5I04 




NACA ARR No. L5I04 


Fig. 24 



/y 'pure y o/o//o/?s fe/tveer? a/?c/ g/Tz-rz 2 

for yorzoczs a/ffczc/es . 


Fig. 25a- f 


NACA ARR No. L5I04 


Symmetrica/ toad 

Anfisummetricat toad 

l steady rot/) 


-Antisummetncai toad 
(stick remersat) 



(a) Point /l j stick force, 80 pounds . fb) Point B; stick force , 80 pounds . 



( c) Point C j stick force, 80 pounds . fd) Point td; stick force , 80 pounds . 



distance a/ong semispan , in. 

( e ) Point £ j stick force, 40 pounds. ff)Po/nt F; stick force , 40 pounds . 


Figure £3 .- Load distribution on right wing during right aileron roll 
for selected points on F~n diagram. 





NACA ARR No. L5I04 


Fig-. 26a-f 


-Symmetrica/ toad 

-Antisymmefricat load 
(steady rod) 

-AnWsummetricat load 
(stick reversal) 



(a) Point A i stick force, 80 pounds . 



(b) Point P; stick force, 80 pounds. 



(c) Point Si stick force, 80 pounds. 


<-Fuse/age s/de , station £6 in . 



(d) Point Di stick force ,80 pounds . 



Distance along semispan, in. 

( e) Point E; stick force , 40 pounds . ( f) Point F; stick force , 40 pounds . 


Figure £6. -Shear distribution on right b/ing d//ring nghf a i tenon rot! 
for selected points on l/-n diagram. 




Bending moment, ff-tb 


Fig. 27a-f 


NACA ARR No. L5I04 


— Symmetrica/ toad 

Antisymmetricat load 

(steady rot/J 

Antisummetricat toad 

(stick reversat) 




(b) Point B ; stick force, 80 pounds. 



(c) Point C ; stick force, 80 pounds . 



fd) Point P-, stick force , 80 pounds. 



Pistance atony semispan, in. 

(e) Point E ; siick force , 40 pounds . (f) Po/nt P s stick force, 40 pounds . 

Figure £7.~ Bending -moment distribution on right wing during right 
ai/eron rot/ for selected points on Id-n diagram . 




Torque ,/b-ff 


NACA ARR No. L5I04 


Fig. 28a-f 


Symmetr/cat Toad 

-Antisymmeiricat Toad 

(steady rod) 

— - —Antisym metrical toad 
• (stick reversal) 



(a) Point At s stick force, 80 pounds. 



(b) Point B; stick force, 80 pounds. 



(c) Point C; stick force, 80 pounds. (d) Point D; stick force , 80 pounds. 



Distance atony semi span , in. 

( e) Point E; Dick force , 40 pounds. (f) Point F } stick force , 40 pounds. 


Pgure £8 -Torque distribution on right h/ing during right aiteron 
rod for selected points on t/-n diagram . 





A /Zero n toad distribution , it/ft 


(a) Point A. 


(b) Point B. 


IKS! 



(c) Po/nt C. 


L - 1 MM 

At Yc/if torso / 


— A// o ffier a/r foods 
— Tofat i rn i 


(at) Point D\ 



(e) Point E.\ 








_ 








— " 

- 







^ _ 

















— 

~ 

— 




Point 

1 i 

~p 













1 

NATIONAL 

ADVISORY 






LUnMI T 1 tt FOR AERONAUTICS 

^ 1 1, I .J.. 1 


Right a iter on span , in. 


Left ai/eron span, in. 

c 


Figure 99 .-Components of o/teron aerodynamic - toad distribution 
computed • for setected points of V-n diagram with steady 
right rod . 


Aileron had distribution } !b/it 










Fig. 30a-f 




a so too 

7 , in. 


ONAL ADVISORY 
EE FOR AERONAUTICS 

distribution 
ith aileron 


Aileron load distribution Jt/ff 







D/str/buted wing 



Distance along semispan , m. national advisory 

* r 1 COMMITTEE FOR AERONAUTICS 


a> 

Figure 3/ Breakdown of w/ng weight distribution . 


> 

o 

> 

> 

PO 

PO 

s 

o 


t- 

Ol 

►—( 

o 

ifc. 




76 00 


89 5 



